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cuttures of 2Svgosporturo masoofl b descHbed Cytochalaslna 
may be used In fci vivo chemotherapy of Invasive and metastatic 
disease, and In oomblnatlon chemotherapy against neoplasms. 
Vehicles such as liposomes, whtoh afltvd sustained relesse of 
the cytochalasln, may be used hn ttM admWstratJon of such 
compounds. 



o 
o> 

CM 



Ill 



BEST AVAILABLE COPY 



ATTORNEY DOCKET NUMBER:010177-211999 
(Cam No. 008653-999208 
SERIAL NUMBER: 09/910,308 
REPFRENrF: R02 




0 297946 

Description 

CYTOCHALASIN PURIRCATION METHODS AND COMPOSITtONS 



5 BACKGROUND OF THE INVEmiON 



The present Invention ts directed to the preparation and use of synthetic and mold-derived 
(naturally-occuning) nDembrane-acting compounds, i.e.. the cytochalasins. specifically cytochalasins A. and 
10 D. The purification of other naturafly-occurring cytochalasins. and the use of these or synthetic derivatives of 
cytochalasins, including the related chaetoglobosins. are also embraced by this invention. 

The cytochalasins. membrane- and transport-acting compounds (also having cytoskeletal-acting effecjs). 
wttich include the congeneric cytochalasins A-M as well as the semi-synthetic derivatives 7.20-di-O-acetylrcy- 
tochalasin B, 7-fiiono-0-acety1-cytochalasin B. and 21 j22-dihydro-cytochalasfn B together with the related 
15 chaetoglobosins constitute a class of more than 24 structurally and functionary related alkaloid metabolites 
produced by molds (Yahara et aL. 19B2« J. Gel Bid^ 92:69-78, and Rampal et al.. 1980. Blochem.. 19:679-683). 
These substances are knovm to alter a wide variety of cellular functions in many different types of nonnal and 
neoplastic cells and tissues in culture (Miranda et al., 1974. J. Cell BloL. 61 :4d1-500) ar>d to exhibit differential 
effects in some cases between nomiaJ and neoplastic eel types (for references, see Upski et al., 1987, Anal. 
20 Biochem.. 1 61 :332^0). The various congeners of these agents alter the biochemistry of fundamental cellular 
processes controlled by cytoskeletal and plasma membrane Interactions. 

Some of the cytochalasins, for example cytochalasin B (CB) pictured below, the most extensively studied of 
the congeners, inhibit hexose and amino acid transport in normal and neoplastic cells (Kietzien et al.. 1973, J. 
Bk5l. Chem., 248:711-719, and Greene et a!.. 1976. Exp. Cell. Res., 103:109-117, respectively). 

25 
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The cytochalasins are also known to alter mtcrofilament morphology (Schliwa. 1982, J. Cel Blot.. 92:79-91). 
thereby affecting the cellular functions that depertd upon microfilament biochemistry. Some of the cellular 
processes sertsitlve to the cytochalasins are phagocytosis, pinocytosis. cytokinesis, secretion, and 
exocytosis. as wed as furictions requiring movement and/or Intercellular adherence includino tntraceflular 
organelle movement and Intercellular transport, cell'motfiity. transport across tissue barriers, and a variety of 
lmmunok>gical responses. 

Phalloidln, another mokJ alkaloid Isolated from the mushroom Anrianita phaltoldes . blocks cetlfmoverrwnts 
that require the turnover of microfUaments. tt binds to actin units in microfilaments, preventing their 
depolymerlzation, effectively k>cklng them. Thus phallokltn or arwlogs of phattokJin antagonize effects of 
cytoctttlaslns and constitute another group of membrarie-directed agents Included In the present invention. 

In vitro cell cultures ham shown CB and other cytochalasin congerters to be non-cytotoxic at 
concentrations up to 100 ug/mt (200 uM) in short-term exposure of about 2 hours (Taunio et al., 1986. 
Bk>chem. Pharmacol, 35:1067-1090). However. prok>nged exposure of tiM celts (fo) vttro ) to CB resutU in 
reverse cytotoxfctty. Such revers&Qity b observed upon removal of the CB from the ceiuUr environment 
(Upski et at.. 1967, Anal. Btochent. 161:332-340). Studies on the tot vmo effects of the cytochaiaains on 
transformed (neoplastic} cells showed some efficacy. For example. 0*NeiII (1976. Cancer Res.. 35:31 11-31 15), 
Medma et aL (1960. Cancer Res.. 40:329^), KeOy et al.. (1973. Nature New Bk>l.. 242:217-219). md Defend! 
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et ai., 1972, Nature New Biol.. 242:24-26) showed differential efffects between normal and neoplastic ceUs, 
Involving mjclear division and cytokinesis resulting in multlnucleation of neopiastlc cells. However, oarty in vtvo 
chemotherapeutic studies did not reveal anti-tumor activity (Katagiri et al., 1971 , J. Antibiotics. 24:722-723. and 
MInato et al., 1973. Chem. Pharm. Bull., 21:2268-2277). In fact. Intravenous administration of B16F10 cells, 
treated witti CB In vjtoo siiowed an increase in extra-pulmonary metastases (Hart et al., 1980, J. Natl. Cancer 5 
tnsL, 64:891-900). 

In spite of tiie dramatic effects demonstrated by ttie cytochalasins and related substances on ceils and 
tissues in vitro, ttjere have been few studies conducted with these substances In vivo. One reason for this lack 
of stucfles Is the relath« scarcity of the compounds of this class due to the existing Inadequate Isolation and 
purification methods. A study of any in ^ utility of the cytochalasins would nqdre the maintenance of 10 
bloactive levels of these substances In potential target tissues. Such a study would require (1 ) cytochalasins In 
amounts that are not readily available from commercial sources; and (2) formulations of these compounds 
which enhance tiielr bioavallablltty in vivo. 

Existing preparatory techniques for the separation and purification of cytochalasins require large multiliter 
extractions utilizing Ixiling chloitrfom? (Tanenbaum et al., in: Advances In Biotechnology. {Moo-Young, ed.). is 
1981, p. 423-429, Pergamon, N.Y.). Such a procedure involves the tedious process of bolBng chloroform for a 
long period, followed by filtration and large volume solvent removal. Such a process Is slow, Involves large 
volumes of an expensive orgar^c sofvent. and Is potentially hazardous. The current process is a batch 
adsorption technique of cytochalasins from an aqueous suspension, wherein the organic compounds are 
adsorbed to 018 silica gel columns. Following the adsorption step, an organic solvent extraction process 20 
isolates ttie cytochaiasin which is purified from preparative TLC or preparative HPLC. 

A second raason for tiie lack of In vivo study of the cytochalasins are that methods for tiie formulation, bi 
vtvo administration, and recovery and analysis of the cytochalasins have not yet been established. No report of 
In vhro administration of cytochaiasin B has appeared and only Imlted Information on cytochaiasin D has been 
puEBihed. Also, In ^ pharmacokinetic dlstrtoution as a function of formulation and route of administration 25 
had not been carried out prior to ttie present disclosure. 

Should extensive in wo administration of the cytochalasins be contenplated, knowledge of their biological 
activity, tissue and blood distribution, and toxtalty wfll become necessary In relation to establishing dosing 
schedules. This need Is especially true'for cytochalasins since their reversible mode of action in vitro suggests 
that maintenance of continuous pharmacologically active levels In vtvo will be required in order to determine 30 
potentially useful effects in tunDor-bearing hosts. 

The maimenance of the cytochalasins In target tissues at bloactive levels can be achieved by use of delivery 
systems designed for tfie sustained release of ttiese substances. Delrvery systenis tiiat are amenable to 
various routes of administration, for example, subcutaneous, Intraperltoneai. and Intravenous routes would 
best be used. Such a dellvary system Is liposomes. 35 

Liposomes are completely ctosed Hpid bilayer membranes containing an entrapped aqueous volume, 
liposomes may be unilamellar vesicles (possessing a single membrane bilayer) or multilameller vesicles 
(onlon-like structures characterized by multiple membrane bllayere, each d from the next by an aqueous layer) . 
The Wlayor Is composed of two lipid monolayera having a hydrophobic 'tai' region and a hydrophiHc "head" 
region. The structure of the membrane bilayer Is such ttiat tt>e hydrophobic (nonpolar) 'tails' of the HpId 40 
monolayera orient toward ttio center of ttw bilayer while ttie hydrophlllc 'heads" orient towards ttie aqueous 
phase. This basic structure of liposomes may be made by a variety of techrWques known In the art of 
nposomology. some of whteh are discussed herelnbelow. 

In connection witf) ttie requirements for improved preparation and purification. k\ vivo study, and f ormulatkm 
and delivery. Including liposomes, ttie present fcnvention discloses a purtfteation procedure for ttie 45 
cytochalasins from molds containing ttiese compounds. Spocfficafly, cytochalasins A and B can be purified 
from ttie moW Drechslera dematioldea and cytochaiasin D from Zyposporium nrvasonrL Ottier cytochalasins 
can be simitarty purified. The present Invention also dtedpses formulations for the Ui vtvo administration of 
cytochaiasin B, and methods for assaying the cytochatastns from in vjvo tissues In botti normal and neoplastic 
models. Bkxflstrlbution data of the cytochalasins In both nomial and neoplastic models is presented. In vivo so 
cytotoxicity studies of the present Invention suggest the use of the cytochalasins as chemotherapeutic 
agents, or ohemotherapeutk: ampMere In comblnatkm chemotherapy. In tills regard, a further aspect of the 
Invention Is to disclose drug synergy In vitro using a combination of cytochalasins and an antineoplastic agent 
(spedflcaOy, doxorubicin). 



55 



BRIEF DESCRIPTION OF THE DRAWING 



FIGURE 1 shows growtti of 60 Madison 109 carcinoma (M109) tumore In animals treated wttti vehicle 50 
(CMoatlutose (1%)/Tween-20 (2<Vb) (dosed circles) compared to animals treated SO wfth 08 (A) at 150 
mg/kg single bolus dose one day after tumor challenge or (8) at 100 mg/kg stigle bolus dose 
admirMered when tumors first became detectable (TAD) (open circles). 

RQIJRE 2 presents the effect of CB on the tbrmatton of spontaneous pulmonary metastases h artima^ 
from Figure 1(B) as detormlnedatnecropsyettheratDayZBaftertumorchaflef^ge, or alttietemr*i^ 65 
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(days 29-36 for veWde controls. 28-50 tor CB treated). The difference between vehicle controls and 
treated Is significant (p 0.05) Legend:: wide-spaood diagonal Ones: Vehicle, at day 1 or TAD; dotted: CB at 
100 mg/kg. TAD; narrow-spaced diagonal lines: S.E.M. Fractions -> Number of mice with one or more 
nodules/total mice. 

5 FIGURE 3 demonstrated the tissue distribution of CB administered IP bolus 50 mg/kg at 0. 3. and 12 

tiours post-admlnlstration. Legend:: dotted: Itver: narrow-spaced left-ascending diagonals: renal fat; 
horizontal Unas: mesentery; narrow-epaced right-ascending cfiagonals: pancreas: wMe-spaced rlght-es- 
cencfing diagonals: spleen: wide-spaced left-ascending diagonals: kidney. 
HGURE 4 shows the dose-response effect of CB given perMumorally subcutaneously (SC) In B16F10 
10 mice, day 0. Legend: + CB 100 mg/kg; box CB 10 mg/kg; x vehicle CMC/Tw. 

FIGURE 5 shows In vitro synergism by isobolo-analysis between doxorubicin (ADR) and cytochalasin B 
(CB) against doxorubictn-reststant P388 leukemia cells using the inhibitory concentration (IC) values 
after 3 hours of drug exposure. Adriamydn was added first, followed 5*15 minutes later k>y addition of CB. 
Legerxl: broken line « additivlty line. Solid line with box « |C80. 
IS FIGURE 6 shows the IC50 tsobologram. when CB and doxorubicin are mixed together prior to 

simultaneous administration to the cells. There is strong synergism at knv CB concentratkms. Legend: 
broken line - Additivlty tine. SoQdKne with box = IC50. 

FIGURE 7 shows syr>ergi3m at all doses when doxorubicin is adminbtered followed 30 minutes later by 
adminfstratkx) of CB. then complete removal of t>oth CB and doxorubicin after 3 hours. There Is strong 
20 synergism at aO C8 concentrations. Legend : broken ihe - Additivtty line. Solid fine with box « IC50. 



SUMMARY OF THE INVENTION 

25 

The preserrt Invention discloses a method for purifying a mold-derived membrane-acting compound 
comprising the step of extracting the mold matte producing the desired compound by a batch absorption 
technique. The mold-derived membrane^cting compound is a cytochalasin, such as cytochalasin B. D, or A, 
and this cytochalasin Is substantially free (contains less thari 1<Vo) of other cytochalasins. 
30 In particular, the purification mettwd Involves the steps of extracting mold matte with organk: solvent^ 
adding an aqueous solution to the fBtered matte extract, separating the aqueous miscible organic solvent 
solution by a batch adsorption technique, extracting the resulting fractions with organic solvent, and 
recrystaaizlng the fractions on Linear K silica plates to purify the cytochalasta TTie mold matte used may be D. 
dematioidea . 

35 Tbe invention also discloses pharmaceutical unit dosage forms comprising a cytochalasin and a 

pharmaceuticaOy acceptable carrier or diluent, wherein the cytochalasin is cytochalasin B. aruj is adapted for 

parenteral or oral admtnistratioa 
The Invention also discloses a method of treating neoplasms comprising the step of administering an 

antineoplastic disease-treating effective amount of a phamriaceutical composition of a purified cytochalasin 
40 (such as cytochalasins A. B. or O) to a subject Altenmtively, the cytochalasin may be delivered in a fiposome. 

These cytochalasins and liposomes containing them may also be administered with antineoplastic agents. 

such as doxorubicin. 

Also disctosed are methods for inhit>IUng neoplastic cell growth In vitro comprising the step of administering 
synergi6tically-actlr>g effective amounts of a synthetic or mold-derived membrane-acting compound and an 
45 antineoplastic agent to the cells. The synthetic or mold-derived membrane-ACting compound are 
cytochalasins. such as cytochalasin B. and ttw anttneoptastic agent may be doxorubicin. 

When administered together, the cytochalasin B and doxoriMcin can be administered to the cells 
simultaneously or sequentiaSty. For example, tfte doxorubkdn can be administered to the cells prior to the 
cytochalasin B, and preferably the total drug combination exposure time is 3 hours. 

$0 

DETAILED DESCRIPTION OF THE INVENTION 



55 The foOowing abt>reviations and definitlor^s wiU t>e employed: 

ADR - doxorubicin: trademark Adria Labs, available from Aldrich Chemical Co. 

CA - cytochalasin A 

CB - cytochalash B 

CO* cytochalasin D 
GO CMC. CM-Celutosa * cart>oxymethy1 celhik>8e 

CMC/Tw - cariMxymethyt celkiosa/Tween 

Cytochalasins - synthetk: or natuiaOy occurring mold-derived memtKane-actIng compourKls. 
OMSO - dimethyl sulfoxide 

FAT-vestdes made by a freeze and thaw technique 
65 HPLC - high performance liquid chromatography 
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IC - Inhibitory concentration; IC50 - 50 percent of cells Inhibited 
[p - Intretpeiltoneal 
IV * Intravenous 
LO - lethal dose 

LUV - large unUameltar vesicles ^ 
LUVET- LUVs made by the VET technique 

MembfBne-acttng compounda - naturally-occurring and aynthetlcally derlved-compounda consisting of the 
cytochalaslns, chaetogloboslns. arid phafloWIns, having membrane-, transport-, and cytoskeletal (microfila- 
ment)- acting effects. 

M109 - Madison 109 hing carcinorna 10 
MLV-multtemellar vesicles ^ . 

Mold-derived membrane-acting compound - naturaHy-occurring compounds belonging to the group consist- 
ing of the cytochalaslns. chaelogtoboslns. and phalloldlns, having membrane-, transport-, and cytoskeletal 
(microfilament)- acting effects. 
MTD - maximum tolerated dose 
NMR - nuclear magnetic resonance 
PBS - phosphate buffered saline 
SC • sut>cutaneous 
8PLV - stable plurilameUar vesicles 

TAD -tumor appearance day . ^ 

TLC-thIn layer chromatography 

Tw-Twecn (polyoxyethylene sorbltan monoalkyi ethers); surface-acting agents 

VET -vesicles made by an extrusion technique . . ^ 

The present Invention discloses a new, Impnoved process for the purification of cytochalaslns, for example. 
CB. from mold mattes of fungi. For example. CA and CB can be Isolated from moid mattes of D. dematloidea. 26 
and cytochalasin D from mold mattes afZ. masonil . The Invention also discloses formulations and methods for 
the In vivo administration of the purified cytochalasin B, new analysis protocols for the Identification of the CB 
in tissues, and delivery systems such as liposomes for the sustained release bi vivo of the synthetic and 
naturally-occurring mold-derWed membrane-acting compounds (cytochalaslns) purtfled by the batch 
absorption motfiods of this Invention. Cytochalasin D may also be purified from cultures of tfie molds 2. 30 
mycophyfum and Metanhlzium anisophHae , or other mold sources known to produce CD. Cytochalasin A may 
also be aimtlarly purtfied, or alternatively, oxidized by a standard procedure from CB. A further aspect of tiie 
Invention Is drug synergy between the synttietic and naturally^ccurlng mold-derived membrane-acting 
compounds. (I.e., the cytochalaslns). and antineoplastk; agents. 

Forthe purlfteation mettiods of ttie present Invention, molds containing cytochalaslns. for example, the mold 35 
D. dematioMea (ATCC 24346), or 2. mason! {ATCC 20011) may be obtained in dehydrated form from ttie 
American Type Culture CoOectionltfid rehydrated In an aqueous solution such as sterile dIstiDed water. 
IFollowIng passaging, tiie mold can be maintained on agar slants at about 20'C-30'*C. preferably about 25**a 
Suitable agar Includes 3.9<W) potato dextrose (DIfco). or tfie medium defined by Tanenbaum et al. (supra. ) can 
be used: 1<Vo bacto-aoytone (soybean enzymatic hydrolysate), dextrose, 29/o yeast extract. 15<Vb sucrose, tap 40 
water, and 2SM cnjshed shredded wheat Fonowing a 12 to 14 day growtti period (28 to 30 days for Z.masonfl), 
ttie mold matte Is harvested and freeze dried using standard flreeze-drying techniques, and ttie resulting 
lyophfflzBte blended wtth an organte soh^nt such as mettianol in an Inert atmosphere such as argon or 
rttrogon. preferably nitrogen. Analysis of tiw medium used to grow ttw moW Indteates that CB b contained 
wtthin tt>e mold matte, wttti no CB released Into the medium. ^ 

The organto solvent extract b ttien rendered aqueous by addition of water, to yield about 80% aqueous 
solvent. The aqueous methanol suspenston te ttien separated by a batch absorption technk|ue, wherein an 
aqueous auspenslon b ad8ort)ed preferably on a reverse-phase C18 8Sk»^ bed (Waters), and tiien the 
noo-orgartc components removed under suction of by gravity flltration, wfth the cytochalasin adsorbed 
quantitatively to the gel bed. About 10 to 20 DlerB, preferably 15 Bters of extract may be passed through about SO 
45 g of sWca-gel. Thb corresponds to about 1800 g wet weight of rookJ. The filter pack b dried In vacuo, then 
washed with about 600 ml of organte hydrocarbon, for example, hexane. then with a 1:1 (v/v) mixture of 
solvents such as tetrahydrofuran:hexane. Alternatively, a Bnear gradient of tetrahydrofuran^iexane may also 
be used to purify ttie cytochalaaln. In choosing ttie solvents to be used In this step, any organic solvent of 
mWmum polarlly to elute CB, wtthout eluting contaminating organlcs. may be empkiyed. 55 

Early fractions of crude C8 crystallize spontaneously, and may be combined with toter fractions and rotary 
evaporated at 30 to 40»C. The resulting fBm may be recrystafflzed at about 60*C according to standard 
techniques, from an orgar^c solvent such as chkjrofomi or an organic solvent pair such as preferably 
chk)rofofm.hexane (1 :1 v/v). Reautttng cryatalhe material can tiwn be further purified by preparative TLC on 
afltea gel plates (pfeferab^ Unear K plates wfth a sample concentration zone) accorcflng to standard 60 
tvcMquea. and the zones containing CBandCA recovered wfth methanol and recrystaBzed accorcing to 
standard techniquea. from organic solvent, such as toluene:methanol (86:16). Addltfonel CB from mother 
nquors may be recovered from normal phase sfica gel column chromatography by elut ton wtt h organte 
solvents such as 85:16 v/v tokieneanethanoL Fractions containing C8 and CA may be Menimed by TLC. 
evaporated to dryness, and reciystalttzed as above. CB may then be fomwtated Into pharmaceutical 65 
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preparations. If desired, CA purified by this method can also be employed in vivo or in vitro . An alternative 
method for purifying CA from the mold is to purify CB and oxidize it according to standard oxidation metf>ods, 
l.e.. a gentle manganese dioxide oxidation, well known to those In the art 
AltemativBly, the final purification technique may be performed using a preparative HPLC technique with 
5 standard phase silica and hexanertetrahydrofuran (60:40). or reverse phase silica and methanol.-water (70:30), 
Following purification of cytochalaslns by the above technique, proton NMR. HPLC, and analytical TLC 
performed on the Isolated product demonstrated at least about 993/6 purity. Such purity is greater than that of 
cytochalasins currently available. Crystalline CB. purified by these methods had a melting point of 
215** -217'*C, and showed no evidence of fluorescent-quenching, iodine vapor positive contaminants, or 

10 p-anisaldehyde positive contaminants in two solvent systems when 100 ug was analyzed by TLC according to 
standard techniques. HPLC analysis (performed according to standard procedure) produced a single, 
non^ontaminated peak. NMR spectra of CB. obtained according to standard techniques, coincided exactly 
with that of pubfished spectra of CB. without contamination by CA. It is an embodiment of this Invention to 
provide purified naturaOy-occuning cytochalasins substantially free (containing less than about of 

15 contaminating cytochalasins. For example, it is an object of the invention to provide purified naturally-occur- 
ring cytochalasin B substantially free of contaminating cytochalasins. such as cytochalasin A. 

A further aspect of the invention invoh^es the in vivo administration, and recovery and analysts of the 
cytochalasins from tissues. To determine protocols for recovery of exogenously added CB to tissues. CB was 
added to excised Baflb/c mouse liver, heart, pancreas, spleen, and lung by addition of 1 or 5 ug of CB In 

20 methanol to the organ and the organ chilled. The analysis of the CB in the tissues was performed according to 
Example 13. Almost total recovery of CB from tissues is achievable using this technique. Results of this 
recovery are presented in Table 1. A comparison of Cb extraction Immediately following CB addition to tissues, 
with CB extraction 30 minutes foltowing CB addition showed no difference in recoverable CB. This Indicated 
the absence of CB metabolism in the chilled excised tissues. 

25 The maximum tolerated single bolus dose (MTD) of CB (LOs-io) was estimated as a function of vehicle and 
route of admir\istration. In Ml 09 tumor-bearing, B16F10 tumor-bearing, and normal mice (Table 2). Both CD2Fi 
and B6D2Fi mice were tested. Slightly greater sensitivity to CB was demonstrated ty CD2Fi as compared to 
B6D2Fi mice. In tissue distribution studies of CB in vivo , 50 mg/kg (1000 ug/20 g mouse) was Injected 
intraperitoneaily and the distribution determined at time intervals thereafter as explained in Example 13. 

30 Following single bolus Injection. CB distributes Itself In mesentery, renal fat kidneys, and blood, and appears 
at the highest levels in liver, spleen, and pancreas (Figure 3), It is cleared from the spleen and pancreas by 12 
hours, but persists In liver for 72 hours. Some CB Is metabolized within the ftrst few minutes after injectksn. but 
tf>e remaining 35<Wd persists in liver for up to 72 hours. Sustained release formulations such as liposomes 
would maintain active CB In tissues. 

35 In studies demonstrating dose-Umitfrig host toxicity of CB administered to Balb/c. B6D2Fi. or CD2Fi mice 
with the M109 lung carcirwna. various routes of administration were tested for a single bolus dnig in a variety 
of formulations. The vehicles used In the Invention may be selected with regard to the intended route of 
administration and standard pharmaceutical practice. The preparations can be Injected parenterally. for 
example. intra-arteriaOy or intravenously. The preparatiorts may also be administered via oral, subcutaneous, 

40 lntraf>eritoneal, or Intramuscular routes. For parenteral administratton. they can be used, for example, In the 
form of a sterSe pyrogerv4ree aqueous solution which may contain other solutes. 

For example, in the present studies. 0.89M9 (wt/v) sterile sodium chloride solution, sterile pyrogervfree 
CM-ceDutose (1(Vb)Tween-20 (2<Vb), lO^Vb Intratlpld (Cutter Laboratories), or 48(Vb ethanol/sodium chtoride (v/v) 
solution were used as vehidas. Liposomes can alternatively be used as a vehicle. In such cases, the CB can be 

45 entrapped by any of the methods known in the art for forming liposomes, mentioned hereinbelow. and 
administered by any of ttM above-named routes of administration. 

The MTD of C8 euspensbn In pyrogen-free carboxymethyl cellulose(1^)/Tween -20 t2<Vto) was 100 mg/kg 
SC. 50 mg/kg IP, and 10 mg/kg IV when administered to CD2Ff mice. In DMSO. the MTD was 25 mg/kg IP. and 
lass titan 100 nng/kg SC. and In 33oM) ethanol. 10 mg/kg IV. At doses of 100 -ISO mg/kg CB adntlnlstered SC In 

5:7 CMG/Tw to CD2Fi rruce that had sustained challenge 24 hr with Ml 09 tumor cefls implanted SC. appeararYca of 
measurable tumor nodules were delayed by G6(Vb. 

For SC tumors, growth was monitored by calculating tumor weight according to the methods of Johnson et 
aL (1975, Cancer Chemo. Rep.. 59(4) :697-705). For IP and IV-induced tumors, growth was determined by host 
survival. Metastases were determined at necropsy by fbcation of the organ In Boutns solution according to 

66 Standard procedure, and metastatic tod counted under a dissecting microscope (see Table 1). 

In addition to displaying anti-tumor effects wtien administered akme, tiie present inventkxi discloses that 
cytochalasins act synerglsticaBy with at least one antineoplastic agent In vitro. Specifically. In the case of CB, 
slmuttaneous or aequentiat administration with doxorubtein (ADR) results In kihlbltion of neoplastic ceO growth 
and viabilty In vitro . In particular. P388 cells cultured In micro-ttter plates (24- or 96-well plates) were used to 

$0 determine drug effects by cok)ny formation In soft agar knmediately folowlrtg drug expoaure. Viablity was 
ascertained by dye reduction tests arxl/or Coulter counting of numbers of regrown cells. 

Fdllowfng cunure In mkyotiter plates, the cofts were exposed to various dOutim 
to a standard mnrobioOgical checkerboard technique (Lorian. M.. ed.. Antibiotics In Laboratory Medidne , 2n<i 
ed.. WBllams & WIMns. Baltimore). Standard exponential dilutions (see Example 15) were tnterpreted by the 

65 pattern they form (determined by the presence of ceO growtii and viabfiity foDowIng treatment wtth tiie drug 
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combination) when plotted on the arithmetic scale Isobologram. Depending on resultant cell growth and the 
reaction of the cells to the two drugs, the Isobologram depicts (1 ) a merely additive effect of the two drugs. (2) 
an antagonistic drug effect, resulting In tower Inhibition of cell growth than that observed wtth either drug 
aJone, or (3) reduction In growth and viability. In excess of what would be expected with either drug alone. Drug 
combinations are considered to be synergistic tf Inhibition occurs at concentrations which lie below the 
addHMty effect One (the line descrtbed l)y the Inhibitory concentration of choice of each drug alone, for 
example, the 1C50, tC90. or IC100). 

ICS for cytochalastns and antineoplastic agents were detemtlned by Inoculating welb containing cultured 
cells with dilutions of the desired compound, and the resulting exposed cell viability detennlned at a fixed 
tlmepoint after exposure (I.e., 20 or 48 hours). The concentration of the compound that is found to Inhibit SOtVo 
of the Wtlal cells cultured Is the IC50 of that compound wtth respect to those cefls. The IC90 and IClOOs can 
similarly be determined. 

To detennlne drug synergy, following seeding of microtiter weDs with neoplastic ceOs, triplicate wells were 
treated with mixtures of CB and ADH (dilutions determined by the results of the IC determination experiments 
as previously described) either simultaneously or sequentially (ADR administered first with CB administered is 
either about 6-15 minutes or 30 minutes later), iftfter 3 hours Incubation, the plates were centrtfuged, media 
removed, cells vwshed and refed and plated out In 96- well plates and Incubated for 48-72 hours. 

The antineoplastic agents which can be used In the practice of the present Invention Include but are not 
limited to the anthracycOnes such as doxonjblcin, daunorubicin. or eploiblcin, the vtnca alkaloids such as 
vinblastine or vincristine, the purine or pyrlnUdlne derfvathms such as 5-fluorourecll, the alkylating agents such 20 
as mitoxanthrone. mecWorethamlne hydrochtoride, or cyctophosphamide, the platinum compounds such as 
ds-platlnum. the folic add anatogs such as methotrexate, and the antineoplastic antibiotics such as mitomycin 
or bleomycin. 

As stated hereinabove, llposonr>es may be used as a sustained release deflvery vehide for the adm Wstration 
of the cytochaiaslns and/or the antlneoplaatic agent (l.e.. ADR) of the present inventioa Any of the techniques 25 
known In the art for nrwMng Uposomes may be used In this invention. For example, the original liposome 
preparation of Bangham et al. (J. Mol. Btol., 1965, 12538-252) Involves suspending phospholipids in an organic 
solvent which Is then evaporated to dryness leaving a phospholipid film on tiie reaction vessel. Next, an 
appropriate amount of aqueous phase Is added, the mixture Is allowed to "swell.' and the resulting liposomes 
which consist of muttilameilar vesicles (MLVs) are dispersed by mechanical means. This technique provides 30 
the basis for the developmertt of the small sonicated unlbmeilar vesicles described by Papahadjopouios et al. 
(Biochlm. Btophys, Acta., 1968. 135.-624-638). and largo unibmeUar vesides. 

UnBamellar vesides may be produced using an exhuslon apparetus by a method described in CuOis et al., 
per Pubflcatton No. WO 87/00238, published January 16. 1986, entitled 'Extruston Technique for Producing 
Unilamellar Vesicles' Incorporated herein by reference. Vesteies made by this technique, called LUVETS, are 35 
axtnided under pressure through a membrane filter. Veskdes may also be made by an extrusion technk^ue 
through a 200 nm filter; such vesfdes are known as VETeoos. 

Another class of liposomes that may be used are those characterized as having substantially equal lamellar 
solute distribution. This class of Oposomes ts denominated as stable plurflameBar vesides (SPLV) as defined In 
U.S. Patent No. 4,622.803 to Ijenk. at al.. monophasic vesteles as described In U.S. Patent No. 4,558,579 to 40 
Fountain, et al. and frozen and thawed multilamellar vesides (FATMLV) wherein the vesicles are exposed to at 
least one freeze and thaw cyde; this procedure Is described In Ba»y et al.. PCT Publksatlon No 87/00043, 
January 16, 1987. entftted 'Muftilamellar Uposomes Having Improved Trapping Efficlendes* and these 
references are Incorporated herein by reference. 

Any of the methods tbr making Iposomes can be used to encapsulate the synthetic or naturally occunlng 45 
moW-dertved membrane-acting compounds fl.e., the cytochaiasins) purified by the methods of this invention. 
Ptuumaceutical composWons of these liposomal fonns of the cytochaJasins can be administered hi vifro or In 
vivo as described hen^nbelow. 

A variety of sterob and their water sohible derivatives have been used to form liposomes; see spedflcaBy 
Janoff et al.. U.S. Patent No. 4,721,812. Issued January 26, 1988 antttied •Steroidal Uposomes.' Mayhow et al. 60 
(PCT PubDoation No. WO 86/00968. published March 14, 1985) described a method for redudng the toxicity of 
drugs by encapsulating them In Oposomes comprising alpha-tocopherol and certain derivatives tfiereof. Also, 
a variety of tocopherols and their water soluble dertvatwes have been used to form liposomes, see Janoff et al., 
PCT Publication No. 87/02210. April 23, 1987. entitied 'Alpha Tocopherd-Based Vesides.* 

Alternatively, when an lontzable antineoplastic agent such as doxorebldn Is employed. tt>e liposomes can be 55 
loaded with <^ according to the procedures of Bally et al., PCT Pubflcatton No. 88/01 102, published February 
27, 1986. and tnoorporatad herein by reference. TWs technique alows tt» load ng of antineoplastic agents by 
craadon of a transmembrane concentration gradiem across the flposome membranes. This gradient Is 
generetod by a oonoentration gradient for one or more Ionic spedes (e.g., Na*. CT. K*, LT, or H») across the 
l^>oaome membranes. Preferably, these tonic gradients are pH (H*) gradients. wWch <»iw« the uptake of the 60 
lontzable anttneopiastfc agent across the Iposome membranes. Once the Oposomes are loaded wtth the 
antlheoplastio agem(8) by this or any otiw mettwd, phannaoeutfcal formutatfons can be m 

defiverad hi vitro or h vtvo as described herelnbelow. 

In a ttpo»ome-<*rug delhwy ayttam, a Woacttva agart such as a dnig Is antrapp^i h or MK^^ 
l^some and ti>en acinHstered to ttw patient to be treated. For example, see Rahman et al.. Patent $5 
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No. 3.993754: Sears. U.S. Patent No. 4,145^10; Papahadjopoulos et al., U.S. Patent No. 4.235.871 ; Schneider. 
U.S. Patent No. 4.114.179; Unk et at.. U.S. Patent No. 4,522.803; and Fountain et al.. U.S. Patent No. 4,586.578. 
tn the present Invention, as mentioned hereinabove, the synthetic and naturalfy-occuring mold-derh^ed 
membrane-acting compounds purftied by the methods of this invention (i.e., cytochalastns, derivatives 
5 ttMfBcf, or chaetoglobosins) may be entrapped in or associated with liposomes. Alternatively or additionally, 
antineoplastic agents as described hereinabove can be co-entrapped in liposomes, or entrapped in Gposomes 
co-edminlstered with those liposomes containing the cytochalasins. Such fomiutations of liposomes may be 
administered sUhuttaneously or sequentially. 
During preparation of the Iposomes. organic solvents may t>e used to suspend the lipids. Suitable organic 
10 solvents are those with a variety of polarities and dielectric properties, which sohJbiUze the lipids, and Include 
but are not limited to chloroform, methanol, ethanol. dimethylsuffoxide (DMSO), mattiylene choloride, and 
soh/ent mixtures such as benzene imethanol (70:30). As a result, solutions (mixtures in which the lipids and 
other components are uniformly distributed throughout) containing the lipids are formed. Solvents are 
generally chosen on the basis of their blocompatabltity, low toxicity, and solubilization abilities. 
rs The liposomes of the present invention contairvtng the cytochalasins and/or antineoptastic agents, and the 
pharmaceutical formulations thereof can be used therapeutically In animals (Including man) in the treatment of 
infections or conditions which require repeated administrations or the sustained delivery of the compouruls in 
their active forms. Such conditions include but are not limited to neoplasms such as those that can be treated 
with cytochalasins, synthetic or naturally-occuring, which are purified by the methods of this invention, or 
20 antineoplastic agents and cytochalasins. 

Other drug delivery systems can also be used to administer the synthetic and naturally occurring 
mold-derived membrar^e-actfng compounds purtfied by the present invention. Such delivery systems include 
but are not Omlted to osmotic pumps, transdermal patches, infusion pumps, osmotic pumps, biodegradable 
polymers, monodonal antibodyHinked systems, suppositories, rtiinile. dragees. troches, and the like. 
25 The mode of administration of (1) the cytochalasins. synthetic or naturally occurring which have been 
purified by the mettiods of the present invention, or (2} the cytochalasins as described In (1) with 
antineoplastic agents, or (3) the cytochalasins and antineoplastic agents delivered in liposomes, and the 
phamiaceutical formulations thereof, may determine the sites and cells in the organism to wNch the 
compound wiO be delivered. The formulations, including the liposomes of this Invention can be administered 
30 alone but will generally t>e admlrUstered in admixture with a pharmaceutical carrier selected with regard to the 
Intended route of administration and standard phannaceutical practice. The compositions can be provMed In 
pharmaceutical unit dosage forms. Such pharmaceutical dosage forms can be adapted for oral and parenteral 
administration. The preparations can be Injected parenterally, for example. IntraverYousty. For parenteral 
administration, they can be used, for example, in the form of a sterile, pyrog en-free aqueous solution which 
35 may contain other solutes, for example, enough salts or glucose to make the solution isotonic. The 
formulations may also be administered subcutaneously for example at the site of metastases. Other uses, 
depending upon the particular properties of the preparation, may be envisioned by those skilled in the art 
For the ored mode of administration, the fomiutations of this invention can be used in the form of tablets, 
capsules, losenges, trocfwes. powders, syrups, elixirs, aqueous solutions and suspensions, and the Hke, In 
40 the case of tablets, carriers wtiich can be used Include lactose, sodium dtrate and salts of phosphoric add. 
Various disintegrants such as starch, and Iut)r1cating agents, such as magnesium ste&rate. sodium lauryt 
sulfate and talc, are oommonly used In tablets. For oral administration in capsule form, useful diluents are 
lactose and high molecular weight polyethylene glycols. When aqueous suspensions are required for oral use. 
ttie active Ingredient Is combined with emulsifying and suspending agents. If desired, certain sweetening 
45 and/or flavoring agents can be added. 

It is to be understood that treatment of a disease (i.e.. treating a metastatic disease ^ vivo) using the 
pharmaceutical composition of the Invention b also to include the curative, remisshre. retardhre. or 
prophylactic treatinent using such compositions. For tt\B administration to humans in the curative, remlssh^e. 
retanfive. or prophylactic treatment of neoplastic diseases the prescribing physician will ultimately determine 
so ttie appropriate dosage of the antineoplastic asease-traating effective amount of tiie neoplastic drug for a 
given human subject, and this can be expected to vary according to the age, weight, and response of the 
individual as weO as the nature and severity of the patient's disease. The dosage of the cytochalasins would be 
expected to be about that of one tenth the dosage producing an LDio In mice (one tenth the MTD) or above, 
however, dosages would be determined according to the apecHic cytochalasin used and the circumstances of 
55 treatment, and wouW be determined by the admlnlsteffng physician. The dosage of the daig In liposomal form 
wfil generally be about that emptoyod for tfie free dnig. In some cases, however, It may be necessary to 
adm^)lster dosages outsMe these Imlts. 

The f onowing examples are given for purposes of Illustration only end not by way of llmltoflon on the scope of 
the invention. 

eo 

EXAMPLE 1 



The mold D. demrtk>tdea (ATCC 24346). (about 25 mg) was obtained in dehyt^ted form from tite Amerk^n 
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Type Culture Collection and was rehydrated In sterile dlstWed water, forming a suspension. The mold was then 
passaged once and nrudntalnod on 3.9<W> potato dextrose agar (DIfco) slants at 25" C. For preparation of 
cultures for cytochalasin B purtficatJon, the medium defined by Tanenbaum ot aJ. (supra.) was used: briefly; 2 
liters of medium was made using 1<M) bacto-soytone, 4<Vb dextrose. 20>b yeast extract, 15(Md sucrose, tap water, 
and aXWa onjshed shredded wheat. The medium was poured Into 4 pyrex plates and autoclaved at 270* C for 90 
minutes. Cooled plates were seeded with 15ml of distilled water suspension of moW ar>d allowed to grow at 
ambient temperature for 14 days. 



EXAMPI^2 

The procedures of Example 1 were followed to culture Zygosporium masonii , (ATCC Number 2001 1 ) which 
was cultured for 28 days. 

EXAMPLES 



The D. dematioldea mold matte (1400 g wet weight) grown according to the procedure of Example 1 was 
harvested and lyophllized using aThermovac lyophllizer to yield 419 g of dried mold. The dried mold was then 
blended using a Waring blender for several minutes with 1600 ml of methanol In a nitrogen atmosphere, 
followed by a second extraction using 1000 ml methanol. The resulting extract was then separated from the 
solvent by suctton fBtrallon. and the residue was again extracted with with 800 ml methanol. Distilled water was 
then added to give 80tM) aqueous methanol solution. The aqueous methanol solution was then separated by a 
batch adsorption method using reverse-phase C18 silica-gel column (Waters), under suction. 

15 liters of extract were passed through 45 g of sllica-gel con-esponding to 1800 g wet weight of moid. The 
bed was dried overnight In vacuo In a desslcator The filter pack was then washed with 600 ml of hexane. then 
with a linear gradient of (finally) a 1:1 (v/v) mixture of tetrahydrofuranrhexane. Early fractions of crude CB 
crystallized spontaneous^, and were mixed with later fractions and evaporated at 25° C. The resulting film was 
recrystallired according to standard techniques, from chloroform :hexane. Resulting crystalline material was 
then repurtlled by preparative TLC on siOca gel (Linear K plates) according to standard techniques, and the 
zones containing CB and CA recovered, eluted with ethanol, and recrystallized from chloroformrhaxane. 
Additional CB frwn mother fiquors was recovered from nonnal phase sflica gel column chromatography by 
ekJtton with toluene rmethanol (85n5). Fractions containing 08 and CA were identified by TLC. evaporated to 
dryness, and recrystaiilzed as above. 



EXAMPLE 4 



Madison 109 (M109) carcinoma was maintained in Balb/c and CD2Fi mice by serial passage of 20«Vb tumor 
brel (approxknately 1X10» total eels) In mice every 12 days according to the techniques of Rose (1981 , Career 
Treat Rep., 66299^12). The C02Fi were Implanted wfth 0.2 ml M109 SC ventraiy on the abdomen. Tumor brel 
were prepared by excising the tumor from the passage mouse, removing any necrotic areas, weighing the 
tumor, n^ndng It, and suspending the fragments In 0.1 ml atWfe (vA^ penlcMn/streptomycin (Glbco) and 
0.85^ (w/v) eterte sodium chloride solution (total 1.0 mt/g tumor), and dispersed by mpMted aspiration and 
expulsion through a syringe. The suspension was then dttuted to 20<M) with 0.85% sterile sodium chloride and 
0£ fnl was injected SC. VlabUity of the tumor suspension was about 200^, as determined by the standard 
trypan blue eooduslon test. 

The above procedure was repeated. adnWnlstering the M109 tumor brel IV 90.1 ml) through the tail vein, or IP 

(0.2 mO. 

EXAMPLE 6 



Mice (6) were subcutaneousty implanted with 1X10> tumor celts as Isolated In Example 4 on Day 0, and drug 
trestmem was given on Day 1. C8 (100 mg/kg mouse, or 0.2 ml of 10.0 mg/ml CB. per 20 gm mouS^). 
auapended In CMC/TW was administered to mice. See Table 2 for results of dosing. 

Dose leaponse studies were repeated using CB suspended in 0.85% sodium chloride solution, in intrallpid 
(Cutter Ubs), ar^l h sterie pyrogen^ree CM^eOUose (1<*b)/rween-20 (2%), or cflssolved In DMSO. The 
CM oofcJoten'wnnn 20 was the most relabie vehlde for susperwion and acMntotration ol the C8. as It 
deOvwed 80^0% of the nominal dose es determined by TLC analysis of residual CB h the eyringe. 

When mice %vMch had previously an turner chalenge were administered 60 mg/kg CB b^^ 
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cytotoxic effects were observed (no effect on life span). When administered SC as a single bolus dose 
administered eittier 24 fiours after tumor challenge or wtien the tumor appeared (about day 6). however, CB 
was able to delay the appearance of measurable tumor nodules, to slow growth rate of the nodule to inhibit 
invasioa and to extend Ofe span (Rgure 1). 

As shown In Figure 1, C8 treatment produced a significant decrease In tumor growth rate when animals 
were treated SC peri-tumorally under the implant with CB ^er on Day 1 (Rgure 1A). or when a measurable 
tumor nodule was observed (le.: around Day 6) (Rgure 1 B). In animals treated with CB on Day 1 or when the 
nodula was detected, increased median survival time was observed, and 33^^ of the animals were tumor-free 
by Day 50. Lower tumor weight was detected in all the treated groups as cornpared to controls, although this 
difference lessened with advancing stage of tumor growtti. As shown In ^ure 2, animals treated 
subcutaneously with 100 mg/kg CB at the time of tumor detection showed fewer lung tumor nodules 
(metastases) than control groups treated with vehicle alone. No effect on reducing tumor metastases In the 
Over or spleen was detected with SC administration of CB. 



EXAMPLES 



Mice were intraperitonealiy implanted with 1X10^ tumor ceils as isolated in Example 3 on Day 0. arwJ and 
drug treatment was given on Day 1. CB {OSt ml of a 5 mg/ml solution was administered (1 .0 mg CB per 20 g 
mouse; or 60 mg/kg) In 0.8&(^ sodium chloride solution. See Table 2 for results of dosing. 



EXAMPLE 7 



Mice were intravenously Implanted with 1X10* tumor cells as isolated in Example 3 on Day 0. and and drug 
treatment was given on Day 1. CB {02, mg. In 0.1 ml of 33<M) EtOH in O.BS^Vb sodium chloride solution) was 
administered. See Table 2 for results of dosing. 

Dose response studies against B16F10 tumor In mice show that CB administered subcutaneously has a 
meastirable effect on tumor nodule growth rate (Rgure 4). CB (100 mg/kg) administered pen-tumorally delays 
the tumor appears from Day 7 to Day 18» when treatment is administered on Day 1. 



EXAMPLE 8 



The maximum tolerated dose (MTD) of CB (50 mg/kg CB) by intraperitoneal administration was determined 
by the following procedure. A sofcitlon of CB as isolated by Example 2 was obtained by sonlcatkjn of the CB in 
DMSG (to make a 25 mg/kg solution of CB) for 2 minutes in an ultrasonk: bath at 80-90 Hz power. The 
suspension (0.1 ml) was administered IP In a single bolus injection and results for its toxicity are shown In 
Table 2. 

The above procedure was repeated for CB (n CM-ceUuIose/Tween 20 (CMC/Tw) vehicle (0.1 ml 
administered). 

The above procedures were repeated for25 and 100 mg/kg CB in DMSG. and for 100 mg/kg CB in CMC/Tw. 
CB administered In DMSO was approximately twice as toxic as when ft was delivered In tt>e 
CM-Celluk>se/Tween 20 (Table 2). 



EXAMPLES 



The maximum tolerated dose (MTD) of CB (150 mg/ka In CMC/Tw) by subcutaneous administration over 
the peritoneal wal was detennlned by the procedure of Example 8. 

CB admintstered In DMSO was approximately twtoe as toxic as when rt was dethrered In the 
CM-CelMose/Tween 20 (Table 2). 

Table 2 shows results for this procedure. 



EXAMPLE 10 



The maxtmum tolaratad dose (MTD) of CB (5 mg/kg) by intravenous admlnistratkxi was deternvned by the 
procedure of Example 7. The CB was suspended ki 0.1 ml95^ethanot/0.65(VbNaa(1:2v/v).heated to37*C 
and administered via tafl vein within 5 mimitas of mbdng. 
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The above procedure was repeated using 0.1 ml CM-Celluiose/Tween ZO. 

The above procedure was repeated using 10. 20, 40. and 50 mg/kg dose of CB with the CM-Cellulose/Tween 
20 veNcle. and 10. 20. and 40 mg/kg C8 with BOH/Naa. 
The results for ttie above are shown In Table 2. 

5 

EXAMPLE 11 



The CB (2.0 mg) as purified In Example 1 1s suspended In 2.0 ml of chtoroform also containing 200 mg of egg 10 
phosphatldylchoDne. The solution Is pipetted Into a round bottom flask and dried to a thin film. The film Is then 
resuspended In 6,0 ml of PBS. The suspension Is allowed to sit undisturbed for one hour, after which time It rs 
extruded 6 tfanes through a 6.0 urn polycarbonate (straight through path) fitter according to the LUVET 
technique, forming a large unilameltar vesteles. 

The above method Is repeated using 200 nr^g total of a 70.-30 mixture of egg phosphalidytchoBne : is 
dimyrlstoytphosphatidylglycerol (EPC:DMPQ). - 



EXAMPI-E 12 

[ 20 

SPLVs contaNng CB are formed by drying 200 mg of egg phosphatidylcholine to a thin film from chloroform 
on the sides of a round bottom flask, and resuspending the film In 5.0 ml of ethyl ether, to which is added 5.0 
mg of CB as purified In Example 1. The organic solvent Is then removed by rotoevaporatlon In a water bath at 
37*C, and the remaining paste Is further hydrated using 10.0 ml of PBS. 25 



EXAMPLE 13 



Lhrers of mice treated according to Examples 4. 5 and 6 were homogenized with a Brinkman pdytron using 
5.0 ml of methanol /g tissue. The homogenale was centrifuged at 5000g for 5 minutes. The supernatant was 
brought to eXM water using HPLC grade water and passed through Sep-Pak C-18 cartridges that had first 
been condltfoned with 6.0 ml methanol, fottowed by 10.0 ml of distilled water. The cartridges were dried under 
vacuum and washed with S.0 ml hexane (HPLC grade), and the CB recovered with 2.0 ml of EtOAc (HPLC 35 
grade). Tlie eiutes were evaporated under a stream of nitrogen and dissolved In 250 li tetrohydrofuran (HPLC 
grade). Samples were fDterad through a 046 urn nyton syringe filter Into a SO ul sample toop. The samples were 
analyzed by HPLC. using a regular phase smca column, a solvent system of hexane rtetrahydrofuran (60:40), 
and analyzed at 230 nm. The lower limit of sensttivtty was determined to be 1 ug per total extract since 20<yb 
was analyzed with a quantitative Omtt of 0.2 ug. . ^ 

The above procedure was repeated using Ivers from Examples 6 and 7. 



EXAMPLE 14 



45 



InWbltofy cooc«itntions CICs') of ADR. CA, and CB on P388 murine leukemia ceils (drug-resistant line) 

were determined as foOowe. ^ 

Celte (5 X 10*) were plated out In 200 uL of RPMI1640 medium containing 10<M» calf senm CB, CA, and ADR 
were added to w*lli at toltowi to determine Inhibitory concentratwn as foltows: 6 wells were Inoculated with £0 
(fflutlons of 08: OjOO uM CB, 1.00 uM CB, 2.00 uM CB, 4.00 uM CB, 10.00 uM CB. 20.00 uM. 40.00 uM CB. and 
80.00 uM CB- 

Seven separate weBs wore Inoculated with CA as foQows: 1.00 uM, ZOO uM. 4.00 uM. 10.00 uM. 20.00 uM. 
40.00 uM. tfid 80.00 uM. 

aght wefls were inoculated with ADR as followe; 1.00 nM, ZOO nM. 4W nM, 10.00 nM, 20.00. nM. 40.00 nM. S5 
100.00 nM. and 200.00 nM. ^ ^ 

Al wets wef* Incubated at arc. In 54b COs for 3 hours, after which time the plate was centrifuged at 600 X 
g fdr 5 minutea, the drug mM«um removed and replaced with 200 uL of fresh RPM1 1640 medium, containing 
10<Vb calf serum, centrifuged again at GOO X g. and cete refed and Incubated for 45 hours at 3^ 
Aftw- the 45 hour houbatlon. the cells were analyzed for vtabWty using the MTT reduction assay as described m €0 

AtoyotaL ^ 
Results of thte IC assay ahow that the ICSO of C8 was 35-40 u M . whn e the IC50 of ADR 
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EXAMPLE IS 



5 P38a muTme leukemia cells (P388/ADR) selected for mum-drug resistance to doxorubicin and other natural 
product anti-tumor agents, provided by th& NationaJ Institutes of Health* were seeded at 5 X 10^ cells/ml in 
24-weU mlcrotiter plates, ^0 ml per well, in RPMI 1640 medium with 10<Vb fetal calf serum and 10 uM 
mercaptoethanokThe cells were allowed to equiOsrate and divide overnight at 37''C. in 5<^ COj. then treated 
in duplicate wells with ADR at 2^ 5. 10. and 20 uM. Other di^icate wells were treated with CB at 2J5, 5, 7.5. 10, 

10 and 20 uM. Duplicate wells also contained the above amounts of ADR and CB. which were added to the cells 
simultaneously. (ICSOs for ADR were 3.5 uM and 12 uM. dependent on lot of ADR; IC50s for CB were 35-40 
uM). After 3 hours of incubation at 37^0. the cells from each well were transferred to sterfle centrifuge tubes, 
and the wells washed with 2.0 ml of sterile medium to assure fUl cell transfer. The tubes were centrffuged at 
600 X g for 5 minutes, and the drug-medium decanted and discarded. The cells were then resuspended in 2.0 

15 ml of fresh medium and plated Into 24-well plates, incubated at 37** C for 96 hours, and cell viabllrty and growth 
after treatment detennined by Coulter counting: 



EXAMPLE 16 

20 

The materials and procedures of Example 14 were employed using SG-well mlcrotiter plates with an 
inoculum of 200 ul medium and 1 X 10* ceils per well. After cell seeding and doubling ovemight. ADR was 
added to thirty of the weDs In dilutions as foOows: 0, 50. 100. 200. and 400 nM ADR, repeated five times. Thirty 

25 minutes later. CB was added to the wells in the following dilutions: weOs 1-5 were inoculated with 0 uM CB. 
weds 6-10 were irK)cutated with 10.00 uM CB, wells 11-15 with 20.00 uM CB. weOs 16-20 with 40.00 uM CB. 
wells 21-25 with 80.00 uM CB. and wells 26-30 with 160.00 uM CB. The plates were incubated as in Example 14. 
and 3 hours after addition of the ADR. the medium was replaced with fresh medium. Forty eight hours later, 
after Incubation at 37* C at 6Qto COa. the cells were observed for viability as described by the MTT dye 

30 reduction assay, according to the technique of Alley M., et ai. (1986. Cancer Res.. 46:589-601 ), by reading dye 
reduction at 540 nm. 

Results of the synergy are graphically depicted in Figure 6. At high CB dose (above 10 uM CB). antagonslm 
was observed when CB and ADR were added simultaneously, but below 10 uM CB. strong synergy results. 
However, in all cases where ADR was administered first synergy was observed at all doses. 

35 Growth of cefls was plotted on an isobologram (see Rgures 5. 6. and 7), using the IC 50, IC 80 and tC 90 
vahies as standards. Points falling below the addithnty line are points depicting CB/AOR synergy. For the IC50 
plots. (Rgure 6). ADR doses of 7.0 uM and less, when combined with 08 doses of 90 uM and less result k\ 
synergistic effects. For the IC 80 plot, (Rgure 5), ADR doses of 30 uM and less, when combined with CB doses 
of 60 uM and less result In synergistic effects. The most potent dose combinations are those combined doses 

40 having an effect which employ the least ADR and the most CB. 



EXAMPLE 17 

45 

The procedures arKi materials of Example 16 were repeated employing CA instead of CB. The welts 
contained cfilutlons of ADR as described In Example 16. and the dOutlons of CA were as follows: wells 1-5: OSX) 
uM CA; weUs 6-10:2.00 uM CA; wells 1 1*15: 4.00 uM CA: wefts 16-20: 10.00 uM CA; wefis 21-25:20 uM CA; and 
weOs 26-30: 40.00 uM CA. 
50 The proceduTB for determining cell viability were as described In Example 16. 



EXAMPLE 18 

55 

The materials and procedures of Example 16 were employed to determine ADR-CB synergy at an IC80 of 
ADR. Serial dilutions of ADR and C8 were made accordfarig to Example 16. and plated out Into 96-wefi plates. 
Where combined emounts of CB and ADR were inocuiated. ADR was inoculated into microtiter wells fottowed 
by the addition of CB to those woOs 5-15 minutes later. Dilutions of ADR were mbced with cfilutions of CB and 
€0 plotted on an i3obok>orBm. Drug synergy was Observed at all dButlorisbehiveen 30 uM^^ 
and less C8 (Figure 5). 
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The materials and procedures of Example 11 were employed, entrapping CA In Pposomes. 

TABLE 1 
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aafans 



1 A phaimacoutical untt do&age form comprising a cytochalasin and a phannaceutically acceptable 
carrier or diluent. 

2. The pturmaceutJcal untt dosage form of claim 1 wherein the cytochalasln Is cytochalasin 6. 

3. The pharmaceutical unit dosage iom at claim 2 adapted for parenteral admlnistrBtlon. 

4. The pharmaceutlcai unit dosage form of claim 2 adapted for oral administration. 

5. A composition comprising a cytochalasin and a Bposome. 

6. A pharmaceutical composition comprising the composition of claim 5 and a pharmaceutlcalty 
acceptable carrier or dBuent 

7. The composition of claim 5 additionally comprising an aritineoplastic agent. 

8. The composition of claim 7 wherein the amineoplastic agent is doxorubicin. 

9. A composition comprising a cytochalasin and an antineoplastic agent 

10. A pharmaceutical composition comprising the composition of claim 9 and a pharmaceuticaify 
acceptable carrier or diluent. 

1 1. The pharmaceutica] composition of claim 9 wherein ttie antineoplastic agent is doxorubicin. 
12 The pharmaceutical composition of claim 1 1 wherein the cytochalasin is cytochalasin B. 

13. A method for inhibfting neoplastic cell growth in vitro comprising the step of administering 
synergistlcally-ecttng effective amounts of a synthetic or mold-derhred membrane-acting compound and 
an antineoplastic agent to the ceils. 

14. The method of dalm 13 wherein the synthetic or naturally-occuning membrane-acting compound is a 
cytochalasin. 

15. The method of dalm 14 wherein the cytochalasin Is cytochalasin B. 

16. The method of dalm 15 wherein the antineoplastic agent Is doxorubicin. 

17. A synergisticaliy-acting combination of a synthetic or mold-derived membrane-acting compourKf and 
an antineoplastic agent 

18. The synergisticaliy-acting combination of claim 17 wherein the membrane-acting compound Is a 
cytochalasin and the antineoplastic agent is doxorubicin. 

19. A pharmaceutical composition comprising the synergisticaliy-acting combination of dalm 17 and a 
pharmaceuttcally acceptable carrier or diluent 

20. A composition comprising a mold-derived membrane-acting compound containing less than about 
1 <M3 of other rndd-derrved membrane-acting compounds. 
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FIG. 3 



lOO- 



eo- 



60- 



40 



20- 



50- 



40 



30- 



20 



10 



T r 



-> 

12 



HOURS 



I 



M 

■ ■ ■ 'T 



HOURS 



02S79A6 




0297946 



FIG. 6 
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